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mama maaaais w nw worn utap ■= aagcssfi - 
i -jintrf ftf~ ffi^ESSESJQB thfib i-BomirnoN 

Xhe pres.* — rera.es ,o proofs and Mr use to 0* «arme». of disease, — 



cancers. 



Tta use of prcdrugs represents . oltaWfy very valuable eoneep, io oaocer d-ff 

w»«re fhe prodrug is » be coov««d ro . anri-dunour agen. under Use rnfluenc. 
o r.o eZe dra. is .lb.. . a mo»oc.o„a. -to* ~ .... biud . a ^ 
l L corobta aUoo of sucb a prodrug wHb sucb an euzynre nrouoc.oua./aorrbody 
^rep^avery^U^. ^ 

referred to as "antibody directed enzyme/prodrug therapy (ADEPT) 

WO88/07378. 

u /.rnppf Gene-Directed Enzyme Prodrug Therapy) has 
More recently, a similar approach ( GDEPT . uene uirecwu 

oposea where in piace of an antibodWenzyme conjugate, tumour cells are t, ? «e 
with a viL vector carrying a gene encoding an enzyme capable of act.vat.ng a prodrug. The 
Z -y be transcriptionally regulated by tumour specif* promoter or enhancer se^ 
The vira vector enters tumour cells and expresses the enzyme, in order that a p^rug , « 
Verted to an active drug o,y in the vicinity of the tumour ceUs (Huber eta, P^ • 
Acad. Sci. USA (1991) 8J. 8039). The enzyme may be urgeted to pamcular subcellular 
locations or expressed at the cell surface. 

!H« novel nrodrues which contain protecting groups which are 
TV -resent inventjon provides novel prodrugs WO88/07378 

* .v- ««r«r »rt such as those disclosed in wuob/u/j/o. 
more lipophilic than compounds of the prior art sucn 

„mvides comoounds of the formula (I): 
Accordingly, the present invention provides compound 
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Ri(n, v R2,m kvVr" 

iyJsJ 1 ° (A>R3 



wherein X and Y are independently chlorine, bromine, iodine, a mesyl group CH, SO, or a 
losyl group OSO lP henyl (wherein phenyl is optionally substituted by 1. 2. 3, 4 or 5 
substituents independently selected from C M alkyl, halogen, cyano or nitro: 
n is an integer from 0 to 4 and each group R>. which may be the same or different when n 
< is ereater than 1. is fluorine, chlorine, bromine, iodine, hydroxy, mercapto. amino, nitro. C,, 
alkyl optionally containing one double bond or one triple bond. C M alkoxy. -CONRR 

.where* R 7 and R' are as defined below). -NH(C M -alkyl). -N(C„-alkyl) ; or C M alkanoyl; 

or when n is 2 or more and two groups R' are on adjacent positions on the phenylene nng. 

2 adjacent R 1 groups together represent 
10 a) C4 alkylene optionally having one double bond; 

b) C3 alkylene: or 

c) CH=CH-CH=CH-. -CH=CH-CH ; - or -CH^CH-CH- each optionally substituted with 
I 2 3 or 4 substituents said substituents each independently selected from the group 
consisting of C M alky!, C„ alkoxy. halogen, cyano. nitro. C, 5 alkanoyl and -CONR7R8 

;5 . wherein R7 and R8 are as defined below): 

m is an integer from 0 to 4 and R\ which may be the same or different when m is greater 
man 1. is fluorine, chlorine, bromine, iodine, hydroxy, mercapto. amino. n«ro C M alkyl 
optionally containing one double bond or one triple bond. C M alkoxy. -CONR R- (where* 
r» and R8 are as defmed below), -NH(C M -alkyl), -WC.-alkyl), and C„ alkanoyl; or when 
n is 2 or more and two groups R' are on adjacent positions on the phenylene ring. 2 adjacent 
R l groups together represent 

a) C4 alkylene optionally having one double bond; 

b) C3 alkylene: or 
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„ .CH-CH-CH-CH, -CH-CH-CH, or -CH.-CH-CH. each opUonaUy 

,30,4 sub— said « - -a—? 
consisdng of c M 4*1. C M a*oxy. hafogen. cyano. o*ro. C M .Ucanoy. - -CONR7R8 

(wherein R7 and R8 are as defined below): 
< V and 7? are each independently -O- or -NH-: 
R> is hydrogen, i-buty! or allyl; 

* „ a aroup -V-W where V is -CfVT- in which T is -O- *. <SO) »» 

^v,ded I when V has sufphus or oaygen as ,« second ..on,. W is o*er -CCOH, 
^d said group V opnonaH, f*her casing one or rwo snhs.in.en. Qt and/or Q2 on c„hon. 
,0 wherein Q 1 and Q 1 each independently represents Cm afkyl or 

W represents 

15 (1) C0 ° H ' 0 , ^.r alkTl,C, 6 cycloalkyl or uyl (as defined 

.(C»0)-0-R6wheremR6 represents a t.,^aiK>». ^M J 

n 3 below) croup* ri 
( C=0)-NR7R8 wherein R7 and R8 each independent., represent hydrogen or a CI- 
i a J eyefo.*,.. aryi, »— * UnKed ,o N via carhon or C7-, araffryi 
20 group wherein 

of ^OOH. -OH. -NH, -CH 2 -NH, .(CH2),-COOH. tetrazol-5-yl and -SO,H and 

the alkyl moiety may optionally carry a methyl group; 

■ r . fftr R7 but may additionally represent -CF 3 , 
(4) .SO,NHR9 wherein R9 is as defined for R7 but may 

CH-CFj or aryl as defined above; 
™ ,« SO RIO in which RIO represents H. C M alkyl or C„ cycloalkyl. 
30 (5) SO ? R10 » wh.cn ^ ^ same or different, are as 

(6) PO,R10R10 (wherem the RIO radicals, wm 

herein defined) 
a tetrazol-5-yl group: 



(2) 

in 3 below) group; 

(3) 



25 
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(8) -CONH-SOjRll in which Rll represents 

(a) C,.7 cycloalkyl; 

(b) C^-alkyl optionally substituted with substituents selected from the group 
consisting, of aryl as defined below, C M -alkyl, CF 3 or halogen; and 

(c) perfluoro-C,.,, alkyl; wherein 

aryl is phenyl or phenyl having 1-5 substituents wherein the substituen's are 
selected from the group consisting of halogen. -N0 2 , -CF,. C w alkyl. C M 
alkoxy, -NH 2 , -MHCOCH,. -CONH,. -OCHXOOH. -NH(C M -alkyl), -N(C,. 
4 -alkyl) 2 . -NHCOOC M alkyl. -OH. -COOH. -CN and -COOC M alkyl; and 
0 (9) -M-Het wherein M represents S. SO or SO, and Het represents a 5 or 6 membered 
heterocyclic aromatic ring linked to M via a carbon atom of the aromatic ring, said 
aromatic ring containing 1, 2, 3 or 4 heteroatoms selected from the group consisting 
of O. N and S said aromatic ring optionally being substituted on carbon atoms of the 
ring with 1. 2. 3 or 4 subsfimentsselected from the group consisting of -OH. -SH, - 
L5 CN. -CF„ NH, and halogen; 

and physiologically acceptable derivatives of the compound of formula (I). 

These prodrues can be activated at the site of a tumour by a carboxypeptidase enzyme, for 
example, CPG2 as disclosed in WO88/07378 or WO94/02450. The carboxypeptidase enzyme 
may be delivered to the site of a tumour by a GDEPT system as described in the prior an. 

0 A carboxypeptidase enzyme is capable of removing the glutamic acid or glutamic ac.d- 
derivative moiety (which are preferably in the L-configuration) of compounds of the formula 
(I) While not wishing to be bound by any one particular theory, it is believed the removal 
oi the glutamic acid moiety from the compounds produces an unstable intermediate compound 
which undergoes self-immolation to remove the 4-amino or 4-hydroxyl-benzylic system 

25 (situated between the groups Z« and Z') thus leading to the release of the alkylating nitrogen 
mustard drug. 

CPG enzyme is available from Sigma Chemical Computy. Fancy Read. Poole, Dorset. U.K. 
CPG enzyme was Ascribed in: Colon™. P. and Levy. C.C. PNAS USA. 58: 1299-1306 
,,961) and in: Levy. C.C. and Goldman P.. J. Biol. Chem.. 2*2: 2933-2938 (1967). 
30 Carboxypeptidase G3 enzyme has been described in Yaauda. N. « *.. Biosci. Biotech. 
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Biochem.. 5£: 1536-1540 (1992). Carboxypeptidase G2 enzyme has also been described in 
European Patent 121 352. 

Urge scale purification of CPG2 from Pseudomonas rs-16 was described in Sherwood et 

:l \"!8Sy, Eur.. J. Biochem., MS, 447-453. 

CPG2 may nlso be obtained by recombinant techniques The nucleotide coding sequence for 
CPG2 has been published by Minton, N.P. et al.. Gene, 3J. (1984), 31-38. Expression of 
the coding sequence has been reported in E.coli (Chambers, S.P. et al., Appl. Microbiol, 
Biotechnol. (1988). 22, 572-578) and in Saccharomyces cerevisiae (Clarke. L. E. et al., J. 
Gen Microbiol, (1985) Hi. 897-904). Total gene synthesis has been described by M. 
\Q Edwards in Am. Biotech. Lab (1987), 5. 38-44. 

The present invention further provides nitrogen mustard prodrugs of the formula (II): 



R 1 (n) 




(») 



1 R2(m) 



O 



wherein X, Y. R l , n, Z . R : and m arc as defined lor compounds of the formula (1), and 
physiologically acceptable derivatives thereof. 

These prodrugs can be activated at the site of a tumour by a nitroreductase enzyme, for 
15 example, as disclosed in WO93/08288. The nitroreductase enzyme may be delivered to the 
site of a tumour by a GDEPT system as described in the prior art. 

Physiologically acceptable derivatives of said prodrugs of formulae (I) and (II) include salts, 
esters and salts of esters. Esters include carboxylic acid esters in which the non-carbonyl 
noieiv >.f the e*ter grouping is selected from straight or branched chain C.^lkyl. (methyl. 



t 
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,propv.. o-buty. or .-bmyl); - C M cycHc atty. (e.g. cydohexy.,. Sate h** 
physiologic* accept base sah, eg darned front an appropriate base, such as afcait 
Ml (..«• sodiutn). alkaline eanh tneta! (e.g. magnesium) safts. ammontum and NR. 
(wherein R is C alKyl) sahs. 0*er sate include acid addition salts, includtng Ute 
5 hydrochloride and acetate salts. 

Preferred values of X and Y are independently chloro. iodo and mesyl. 

Preferably, n either is zero or is 1 or 2 and the group(s) * are independently fluorine, 
chlorine, bromine, iodine or C M alky.- Similarly, it is preferred that either . is « « . 
1 or 2 and the group(s) R 2 are independently fluorine, chlorine, bromine, todme or C M .Ikyl. 

10 R 5 is preferably hydrogen. 

V is preferab,, , group -V-W where V is -CHXH, and W is a group -COOH. -CC-0.-OR6 
where K> is as defined above, or -<C=0>.NR'R> where *■ and * are tndepencrnriy 
hydrogen or C,. 6 alkyl. 

Preferred contpounds of the formuia (!) are those in which *. V. n and . are as denned 

15 above, and: 

X and Y are independently selected from chloro. iodo or mesyl; 

1 phenylene group which may be optionally subst.tuted by R' and R 2 is unsubstmued or 
Tie"—! the group,) R 1 and/or R 2 are mdependently selected from fluonne. 
chorine, bromine, iodine or C ...» alkyl: 
20 R 3 is hydrogen; and 

Z 3 is a group -CH 2 CH 2 -COOH. 

Compounds of » formuia (.) which arc aspect* preferred are those in which X and Y 
independent.y represent iodo or chioro; n and . « bod. zero; 
R, represents hydrogen; Z, and Z= each independent., r^n, -NH- or O . and 
25 represents CH : CH,COOH. 
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Preferred compounds of the formula (II) are those in which V is -O- or -NH-. X and Y are 
The independently selected from iodo and mesyl, each phenylene group which may be 
optionally substituted by R' and R 2 is unsubstituted or if either is substituted, the group(s) R» 
and/or R- are independently selected from fluorine, chlorine, bromine, iodine or C M alkyl. 
5 mcv preferably fluorine, and in which case n and/or m are 1 or 2. 

Compounds of the formula (II) which are especially preferred are those in which X represents 
iodo; n represents zero; V represents -O- or -NH-; R 2 represents hydrogen or fluorine: and 
m represents an integer from 1 or 2. 

The invention further provides pharmaceutical formulations. Such formulations comprise a 
10 compound of formula (I) or (ID together with one or more pharmaceutical^ acceptable 
carriers or diluents. 

Pharmaceutical acceptable carriers or diluents include those used in formulations suitable 
for oral or parenteral (e.g. intramuscular or intravenous) administration. The formubnons 
may conveniently be presented in unit dosage form and may be prepared by any of the 
15 methods well known in the art of pharmacy. Such methods include the step of bringing into 
association the active ingredient with the carrier which constitutes one or more accessory 
ingredients. In general the formulations are prepared by uniformly and intimately bnngmg 
into association the active ingredient with liquid carriers or finely divided solid earners or 
both, and then, if necessary, shaping the product. 

- n or example, formulations suitable for parenteral administration include aqueous and non- 
aqueous sterile injection solutions which may contain anti-oxidants, buffers, bacteriostatis and 
solutes which render the formulation isotonic with the blood of the intended recipient: and 
aqueous and non-aqueous sterile suspensions which may include suspending agents and 
thickening agents, and liposomes or other microparticulate systems which are designed to 

25 target the polypeptide to blood components or one or more organs. 

Suitable liposomes include, for example, those comprising the positively charged lipid (N[l- 
(2,3-dioleyloxy)propyl]-N,N,N.triethylammonium (DOTMA), those comprising dioleoyl- 
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phosphatidylethanolamine (DOPE), and those comprising 3<3[N-(n',N'-dunethylaminoethane)- 
carbamoyl]cholesterol (DC-Chol). 

In GDEPT the prodrug will usually be administered following the administration of a delivery 
.ysicm containing the gene encoding the enzyme. This includes administration of a modified 
5 virus encodine an enzyme. Typically, the virus will be administered to the patient and then 
Che untake of the virus by infecied cells monitored, for example by recovery and analysis of 
a biopsy sample of targeted tissue. 

A wide range of viral delivery systems for gene therapy are known in the an. For example 
EP-A-415 731 describes molecular chimeras comprising a promoter which may be activated 

10 in a tumour cell is operably linked to a heterologous gene encoding an enzyme capable of 
convening a prodrug into a cytotoxic agent. Such molecular chimeras may be used to express 
carboxypeptidase or nitroreductase in tumour cells, in order to activate prodrugs of the 
invention. EP-A-415 731 describes incorporation of such molecular chimeras into viral 
vectors, e.g. adenoviral or retroviral vectors. Such viral vectors may also be adapted for 

15 utilization in the present invention. 

Other recombinant viral vector delivery systems are described in WG9 1/02805. WD92/ 14829. 
WO93/10814 W094/21792. WO95/07994 and WO95/14091 the disclosures of which are 
incorporated herein by reference. Methods for producing vector delivery systems based on 
the above-mentioned disclosures may be used to deliver vectors encoding nitroreductase or 
20 carboxypeptidase to target cells. 

The***, dosage regime for GDEPT will, of course, need so be stoermtoed by individual 
clinicians for individual pariems and to. in mm. will be comrolled by the exac. nature of 
fte prodrug and rhe cy.ou.xle agem <o be released from me prodrug bu. some general 
guidance can be eiven. Cbemofterapy of mis we will nonnally involve parememl 
25 aaminis.ra.ion of bod, the prodrug and fte enzyme or a vecmr encoding the ercyme and 
adminis.ra.ion by to tosavenous rou« is frequenrly found » be .be mos. practical. 

,„ GDEPT sysmm,. fte amoun. of vecror delivered will be such as .0 provide an effective 
.eualar cu.rcenaa.ion of enzyme *> our. Ok prodm, .nay be ac.iva.cd in suffice™ 
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concentrations at the site of a tumour to achieve a therapeutic effect, e.g. reduction in the 
tumour size. This may be determined by clinical trials which involve administering a range 
of trial doses to a patient and measuring the degree of infection or transfection of a target cell 
or tumour. The amount of prodrug required will be similar to or greater than that for 
ADEPT svstems of the type mentioned above. For example, suitable dose of prodrugs m 
such systems are described in Bagshawe et al, 1991 in Antibody. Immunoconjugates and 
Radiopharmaceuticals 1. 915-922. Such doses eg. from 5 to 2000 mg/nf (eg about 200 
me/nr per dose (eg every one or two days or weekly) of prodrugs of the invention may be 
used, although doses outside this range may be used at the discretion of the physician. 

The present invention also provides a system for use in the control of neoplasia in a human 
or animal subject comprising a vector or other delivery system capable of selectively infecting 
tumour cells in said subject, said vector carrying a DNA or RNA sequence encoding an 
enzyme, in assertion with a prodrug of formula (I> or (I» capable of being converted to a 
nitrogen mustard compound by the action of said enzyme. 

The present invention extends to a method of treating neoplasia in a human or animal subject 
requiring such treatment which comprises administering to the host an effective amount of 
a prodrue of the invention and a modified virus, said modified virus capable of selectwely 
infecting mmour cells in said subject, said virus carrying a DNA or RNA sequence encodmg 
an enzyme capable of converting said prodrug to an active nitrogen mustard compound. 

The present invention also extends to a method of treating neoplasia in a human or animal 
.abject requiring such treatment which comprises administering to the host an effective 
amount of a prodrug of the invention and a non viral vector system, said non-viral vector 
system capable of being seleetively introduced into tumour cells in said subject, said vector 
system carrying a DNA or RNA sequence encoding an enzyme capable of converting satd 
prodrug to an active nitrogen mustard operably linked to a promoter effective in expressmg 
said enzyme in said cells. 

Vec,„rs capab.= of se,ec,i.dy infecung ramoor ce..s are known in the an. By •sdacdve,, 
irfecuna- i, is mean, dm uk va«or. for axa-npfc a modified vims. wi„ prima* mfec. 
o , u *Us and du, d* proportion of non-romour c.»s infeced is such .ha, .h. damage ,o 
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non-tumour cells by adtninistration of the prodrug will be acceptably low. given the nature 
of the disease being treated. Ultimately, this will be determined by the P hys,c.an. 

U wul also be understood that the DN A or RNA sequence encoding an enzyme carried by the 
virus will be linked to suitable expression control signals such that expression of the enzyme 
5 will occur in the targeted tumour cells. 

Non-viral vecror systems will be capable of being seleaiveiy touoduced imo rumour cells 
utilizing methods such as those mentioned above, e.g. caicium phospha. co-precipjoon. 
microinjection, .iposomes. direct DNAupta*.. and receptor-mediated DNA transfer (Morgan 
& French Anderson. Anno. Rev. Biochem.. 19W.fi2;191>. 
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Prodmgs of «« present invemion may also be used as reagents in tn vitro syaems ,o test the 
activity of candidate enzymes which may be incorporated int. GDEPT systems. 

For example, a tumour ce.l may be infected o, transfccted in vitro by a vecror containing an 
enzyme. The enzyme will be on. which is. or suspecred ro be. capable of convenmg a 
proLg of dr. invention into an active drug. The prc^ntg is men added ,„ the culture a* 
ft. amoun. of cell Killing o, uuubirion of CI grow* is «amp « by usrng 

1, stain ,o record rh. numb, of viabl. Cls or b, replaun, . sample of me culrore ,o coun 
fc numb., of viable « This mode, system may also be used ,o rest the toxtctty^o 
„, selecrivny of compounds of the presen. inveuuon .gains, a range o mmmtr «. w- 
s.iub.e rumour cells fo, us. in these mode, sysKms includ. ovarian, colon, ghoma. br^sr. 
>maV .:.U and non-small cell lung cancer cells, and melanomas. 

invention fcnher provides proce^ for rh. product o, compounds * 
<„>. Thus the invendon provide a process for to production of a compound o, formula «> 
as defmed above which comprise, reacting a compound of the formula (HI) 
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(Ml) 



in which X. Y, R" and n are as defined for formula (I) and * is -O- or -NH- wich a 
compound of formula (TV) 




R2(m; 

I H _« (IV) 

vr 

° 0 A OR3 ^ . 

i„ which R=. m. *. Z' and * arc as defmed above, and Q is a leaving group. The reacnon 
n,a, be performed in an aproric soKent and ut the presence of a base. The invenuon also 
provides a process for the production of compounds o, ft. formula (U) which compnses 
Lin. a compound of formuia Oh . defied above wuh a 4-nirrobenzy, chJoroformat. 
optionally substituted with from 1 to 4 group(s> R' as defined above. 

The invention further provides compounds of the formula (IV); 




R2(m) 

OY) 
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in which R% m. Z\ R J and Z J are as defined above for compounds of the formula (I), and 
Q is a leaving group, with the proviso that when R l is fluorine, chlorine, bromine, iodine, 
hydroxy, mercapto, amino, nitro. C M alkyl, C„ haloalkyl. C M alkoxy, C M haloalkoxy. Cm 
olkenvl. C, alkynyl. and C : , hal^lkenyl. R> is hydrogen or a C.^alkvl group, and Z> ,s a 
group -CH,CHXOOX'° where X"> is hydrogen or a Cl-6alkyl group, then Q is not a N- 
«„ccinimidvloxv croup. These compounds are useful as linkers which may be attached to 
active cytotoxic compounds to provide prodrugs of said compounds with increased 
lipophilics The compounds of formula (IV) may be linked to such cytoxic compounds v,a 
free -OH or -NH 2 groups on such compounds, using methods and reactions described below, 
or modified using routine experimentation. 

Such protected cytotoxic compounds may be useful in GDEPT methods, or in vitro assays 
used to study *uch methods. 



npof iwri ptinn o f *Hp Drawings 

Figure 1 provides a reaction scheme used to make the compounds described in Example 9. 
15 Figure 2 provides a reaction scheme used to make the compounds described in Example 15. 



Figure 3 provides a reaction 
in Examples 1. 2, 3 and 4 



ion scheme used to make the compounds of the invention described 



Compounds of the invention may be made using reactions and methods known per se m the 
art of chemistry. The following methods are of particular use. and are further illustrated by 
20 referencetotheExampleswhereindicated. Such reference does not limit the general reacuon 
schemes to those compounds alone. The schemes may be used for other compounds of the 



invention: 



ft - rr^ipnun ,^ formula <\) where Z 1 IS -°- 



jonrrtn *wn o»ot»ai i > 
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(i> Compounds of formula (I) in which Z' = -O- and Z 1 
reaction of a nitrogen mustard of formula (III) 



CT/GB96/00112 



= -NH-, may be prepared by the 




(III) 



wherein X. Y. R l and n are as 



defined above and Z 4 is -O- with a linker of formula (I V) 



(IV) 



O OR3 

where R 2 , m. R 3 and Z 3 are as defined above. Z> = -NH- and Q is a leaving group. 

5 Preferred leaving groups Q include a succininudyloxy group, a 4-nitrophenyloxy group, a 
pentafluorophenyloxy group and a tetrachoroethyloxy CH(C1)CC1, group. The reaction may 
be carried out in aprotic solvents in the presence of a base, for example THF and 
triethylamine or acetonitrile and basic resins (Example 1). 

, B) Compounds of the formula (10) may be made starting from 4-nitrophenol 

,0 optionally substituted with the eroup(s) R\.. (affined above). The phenolic group .s 
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protected as an adamantanyloxycarbonyl-derivative (by reacting the starting materials with 
adamantanvl-fluoroformate and triethylamine in THF a, rt). The protected 4-nitrophenyl 
carbonate is reduced to the corresponding amine by hydrogen transfer in ethanol usmg 
ammonium formate and Pd/C 10% as catalyst at rt. The amine is then hydroxyethylated wnh 
ethvlene oxide in AcOH at 20*C and then rc^.ed to the desired nitrogen mustard. Reference 
may be made to EP-A-433 360 or EP-A-490970 for suitable conditions. The compounds may 
he purified by column chromatography Deprotection to remove the adamantyl group may 
be carried out in trifluoroacetic acid. 



10 



15 



(iii) Alternatively, the nitrogen mustard of formula (III) may be activated as a 
chloroformate by treatment with phosgene or triphosgene in an aprotic solvent and 
triethylamine followed by coupling with a compound of formula (V): 




(V) 



where * m. Z*. R 3 and Z> are as defined above. This may be carried out in THF or other 
aprotic solvents in the present of a base Uor example triethylamine or pyridine). 

(iv) A further alternative route of synthesis of compounds of the formula (I) in which T 
is -O- involves direct coupling of 4-nitrophenol optionally substituted with the grou P (s) R „ 
(as defined above) with the compound of the formula (IV) or by reaction of the said 
optionally substituted 4-nitropheno. compound chloroformate with the compound of formula 
(VI). in which 7} is -NH- (see below) followed in each case by the reaction descnbed above 
to convert the nitro group, via an amine, to a mustard group. 
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W A way of obtaining compound (1) where *- -O-a-dZ' = -O- k from nirsogen musurd 
<H) where Z<= -0, by uansforming i, to Ore rrimerhylsilyi derivarive. The silylared phenol 
is .hen coupied wim a compound of formula (V) where Z= - -0-. Compound (V) is flm 

, u,i.h KF ohoseene and crown ether at -78 °C, in an aprottc 
activated as the fluoroformate with KF, pnosgene *uu w 

solvit f.ee Example 2). prior to reaction with silyated phenol, 
a- rnm pounds nf fnrmnli f 1 ) wt " >rf> 71 is ' NH ' 

» Compounds of me formuU (I) in which Z' is -NH- may be n»de by rcacion of . 
compound o, formuia m * which * is -NH- wirh a .udcer of ft. formuia OV) m apnnrc 
soivenrs and in rh. presence of a I. Compounds of U« formuia («.) m winch Z ,s -NH- 
may be made horn a »M compound, opuonaUy subsmured wrm me gro«p« 
R-l <as defined above,. This is convent ,0 me concluding .-bis-hydroxyeUryiamu^- 
ni^henv. compound by reacion wim dierhano^ine wHh hear and rhe — ^« 
purified by coiumn chromarography. Tbe corresponding 4-rmTO rurrogen muaard ma, be 
made bv for exampie mesyiarion using mesy. cuioride in pyridine and subset rcacucn » 
omer haio musmrds. e.g. bromo or iodo musrards if r^imd. *4«.-£ 
reduced by hydrogen rransfer in erhanoi using ammonium formare and a Pd'C 10% caalys. 



20 



ar 20°C. 



25 



(U) AhenrniveiydKl-bis-hydroxy^^^ 

1 be reduced using ammonium formare and Pd/C .0% as earner in cU^no. a, 20»C » 
T, vl me corresponding nhenylenOiamino dcrivaUve. This dcrivarive can be convened 
Z Uve corresponding ,,rhino ni,ogen m„s„rd as described > ,he above paragraph, e.g. 
initially by reaction with roesyl chloride. 

—serarH am Z 4 = -NH- may be activated as an 
example dibutyltin dilaurate (see Examples 3 and 4). 
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r ro r pounrt^ of formula (II): 

(i) Compounds of the formula (II) may be obtained by coupling nitrogen 
mustard phenol compounds described in section A(ii) above with 4-nitrobenzyl choloroformate 
nnnonally substituted with the gmup(s) R ! (n ., (as defined above) in the presence or absence 

5 of triethylamine at 20°C. This is used to provide compounds of formula (II) in which V is 

•0- 

(ii) Alternatively aniline nitrogen mustards as described in section B(ii) above 
may be used with the chloroformate as described in section C(i) above. This is used to 
provide compounds of the formula (II) in which Z 1 is -NH-. 

10 D: Compounds nf the form ula AV) in which Z 1 is -NH-: 

(i) Compounds of the formula (IV) in which 2r is -NH- may be made from a 4-nitro 
benzvlic alcohol optionally substituted with the group(s) R : tm) (as defined above). The 
hydroxyl function is protected as a pyanyl- or r-butyl-dimethylsilyl (TBDMSi)-eth<:r by 
treatment at 20«C with 3,4-2H-dihydropyran and pyridinium-p-toluensulfonate (PPTS) in an 
15 aprotic solvent or with TBDMSi chloride and imidazole in dimethylformamide (DMAT), 
respectively (Example 5). The intermediate thus obtained is reduced to the corresponding 
amine by hydrogen transfer in ethanol using ammonium formate and Pd/C 10* as catalyst 
at 20oC. This amine is convened to a glutamyl ester intermediate of formula (VI) (Example 
6): 
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where R\ m. R J and Z' are as defined above. 7} is -NH- and Pr is the pyanyi- or 
,-butvl-dimethvlsuyl (TBDMSi)-ether protecting group. This may be done by treating the 
amine with triphosgene and triemylamine in toluene at 60*C to provide the corresponding 
.^ocyante. which is coupled with a glutamate derivative of formula R>0-C<0>-CH(NH 2 )-Z> 

5 vhere R> and Z are as defined above. Alternatively the corresponding glutamyl-*ocyanate 
obtained from the corresponding glutamate by treatment with triphosgene and triethylamine 
in toluene at -78'C may be reacted with me amine in a one pot procedure (Example 7). 
Glutamate derivatives of formula R>0-C(0)-CH(NH 2 )-Z> may be obtained by reference to 
WO94/02450. Where necessary or desired, the group V may be converted to another group 

10 Z> using routine chemistry known per se following production of the compound of formula 
vVI> ? or after reaction of that to the compound of formula (I). 

The compound of formula (VI) is deprotected to remove the TBDMSi or pyranyl 
.roups by treatment with mild acidic media (AcOH. THF and Hj O or PPTS. EtOH. 55°C) 
(Example 8). This yields a compound of formula (VI) in which Pr is hydrogen. Compounds 
15 of the formula (IV) in which Q is a leaving group may be prepared using standard reasons 
known in the an (Example 8). 

m Where Q is a succinimidyl group the compound of formula (VI) where Pr is 
hvdrogen may be treated with disuccinimidyUarbonate and triethylamine in acetomtnle. 
Where a 4-nitrophenyi carbonate group is desired treatment with 4-nitrophenyl chloroformate 
20 and triethylamine in THF may be used (Example 9). A pentafluorophenyl carbonate may be 
added by in situ phosgenation of pentafluorophenol followed by coupling to the linker of 
formula (VI) in which Pr is- hydrogen. 

(iv) The compound of formula (VI) in which Pr is hydrogen may be obtained directly by 
coupling of the 4-aminobenzylic alcohol with glutamyl-isocyanate in aprotic solvents 
25 (Example 10). 

v. r^mpntinds ofjbj *™»'* "V> ™ which T- fr'-O-: 

(i> The starting materials for the linkers possessing a carbamic bond are 

substituted or substituted (with the group(s) *. (as defined above)) 4-hydroxy-benzylic 
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alcohols. These type of linkers may require an extra electron withdrawing group on the 
aromatic nucleus in order to undergo 1.4-elimination. The 4-hydroxy group is specifically 
protected as an acetate by treating the starting material with acetyl-v-triazolo-l4,5-b)pyndme. 
and IN NaOH in THF at 20<>C. The alcohol function of the acetate is further protected as 
« pyranvl- or TBDMSi-ether by the procedures described in section D above. The acetate 
function is then deprotected to restore the 4-hydroxy group in NaHCO, aq. MeOH at 20*0. 
The resulting phenol compounds are reacted in a one pot procedure with a protected 
glutamvl-isocyanate as described in section D(i) above. This yields a compound of the 
formula of (VI) as shown above in which Z> is -O- and Pr is the pyanyl- or 
10 /-buryl-dimethylsilyl (TBDMSi)-ether protecting group. 

ai> Deprotection of this compound yields a compound of the formula (VI) in which Pr 
is hydrogen. This may be convened to compounds of the formula (IV) by methods analogous 
to those described in section D (i"> above. 

m An alrenuuve procedure sum from 4-hydroxy-benzaldehyde which is prorec.ee wirh 
,5 1 3-propane-di.hiol in .he presence of BF,.E. : 0. a, room Kmperature. ,0 give rheWM.'.S - 
S.S-dhhianyMpheno.. The coupUng of d. prouoed pheno. wirh g.uumy, isocyanare ■„ 
.oluene in .he presence of E.,N provides .he di-,er.-bun,I.O-(4.|2 (I .3 -S S- 
diUriany.Mphenylloxyc.rhony.-l.glu^. The deproKdon o, Uus imermedure ro *e 
corresponding aidehyde. is carried ou, wnh Hg(CIO.), in THF a, room remperarur. The 
20 redocrion of .he aidehyde wUh , reducing agen. .ike sodium cyano-borohydryde y.e s me 
desired compound of formula (VI) in which Pr is hydrogen and ZMs -O- (Exanple 1 1). 

(i„ Anomer procedure ro obrain me depnxeaed aidehyde is by direc, coupling of 4- 
hydroxy-benzaldehyde wim me gluamyl-isocyanatt (Example 12). 

<v, An ahenurive roue ro me expound of formula (VI) in which Z> is -O- and Pr is 
25 hydrogen is by dnec, coup.ing of d* 4.»ydroxy-beruy.ic a.cohol. as poussium phenol 
.Lfrtf from me sunlng ma.ru, and poussium ,e-r-bu,ox,de in ft, preset of crown 
Cher) wirh me corresponding ghuamyl-isocyanare in aproric solvems (Exunple .3). 
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(vi) The compound of formula (TV) in which Z J is -O- and Q is a leaving group may be 
prepared using standard reactions known in the art. For example where Q is a 4-nitrophenyl 
carbonate group the compound of formula (VI) where Pr is hydrogen may be treated with 4- 
nitrophenyl chloroformate and triethylamine in THF (Example 14). 

5 P- ^itemaiive s y"^"* " f compounds of formula (TVV, 

Compounds of the formula (IV) in which Q is hydrogen, fluoro, chloro. bromo or -0-(N- 
succinimide) may also be obtained by reference to WO95/03830 published on 9 February 
1995 or WO95/02420 published 26 January 1995. the contents of which are hereby 
incorporated by reference. 

10 The following Examples illustrate the invention. The numbering of compounds given in the 
examples is according to that shown in schemes 1-3. 

Example 1. 
gjiitamatel (22) 

15 Activated linker 15b (0.20 g, 0.37 mmol) and 4-N.N-bis(2-chloroethyl)aminophenol21 (0. 14 
g 0.60 mmol) was dissolved in 10 mL acetonitrile. Then 0.13 g of a strongly basic resin- 
Amberlyst 27 (OH form) was added and the reaction mixture stirred with the resin for 20 h. 
The resin was filtered off. and an additional 0.08 g of fresh resin was added. After 30 mm 
of stirring, the second portion of resin was filtered off. and the solvent evaporated. The 
product was purified by column chromatography (eluent: cyclohexane:AcOEt 2:1). to afford 
22 (82 mg, 32%). 'H-NMR *„: 1-80-2.15 (2m, 2H. C/fXHfNH)-). 2.30-2.45 (m. 2H, 
CH,CO,-allyl). 3.72 (s. 8H. N(CH ; C// ; C1):). 4.30-4.40(m. IH, CH-G ). 4.55 (d. 2H. 
J=5 41* CH,0 allyl). 4.61 (d. 2H. J=5.31. CH 2 0 allyl). 5.13 (s, 2H, PhCtf, ). 5.10-5.40 
( m, 4H . CH,- allyl). 5.80-6.00 (m. 2H. CH= allyl), 6.64 (d, IH. J-8.13 Hz. NH-G), 6.75 
25 (d, 2H. J-9.10 W 7.04 (d, 2H, H^,-). 7.31 (d. 2H. J=8.55Hz. H^ 6 ) 7.41 
(d. 2H. H^,), 8.69 (s. lH.PluVW)- MS (FAB), m/z: 636 (M + l, 60). 658 (M+23. 7). 
anal (C^W*): calcd C 56.61, H 5.54. N 6.60; found C 56.49, H 5.69, N 6.27. 
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4'.rN.\^hk(2-chlornethvl)airinolphenvlo^ 
acid (23) 

To a solution of 22 (100 mg. 0.16 mmol), PPh 3 (92 mg. 0.35 mmol) and Pd(PPh,) 4 (16 mg, 
0.014 mmol) in CH,C1 2 (8 mL), acetic acid (1 mL) were added and the mixture stirred for 

5 5 h under argon. The solvent was evaporated, and the residue kept nMer pump vacuum for 
2 h, then dissolved in acetone:AcOEt 1:1. The acetone was evaporated affording 23. PPh 3 
m a precipitate in AcOEt. The solid was filtered, washed with AcOEt and then dissolved in 
50 mL CHC1, and washed with aqueous citric acid 10% (2x50 mL). The organic layer was 
collected, H 2 0 was added and the CHC1 3 evaporated yielding 23 (28 mg, 32%) as a 

10 precipitate which was filtered from the aqueous solution. 'H-NMR d H : 1.80-2.00 (2m, 2H, 
CH,CH(NH)-), 2.15-2.25 U, 2H. CH,CO,H). 3.72 (s. 8H, N(Cif ? C/f 3 Cl) J ), U0- 
4.25(m.PhCW, ). 6.49 (d. 1H. J=7.34 Hz. NH-G), 6.75 (d, 2H. J=9.10 Hz. H^ ., ). 7.05 

(d. 2H. IW+s-). 7 29 < d ' 2H - J=8 53 Hz ' 7 41 (d « 2H ' H — 8/75 (s ' 

IH.PhAW). MS (FAB), m/z: 556 (M+l. 55). 578 (M+23, 100). Accurate mass 

15 (C ;4 H :7 N 3 O g Cl : Na): calcd. 578.1073; found 578.1070; . 



20 



25 



30 



Example 2 . 

4 , -rN.N-bis(2-chloroethynaminolD henol-trimethvlsilvl ether (25) 

Phenol nitrogen mustard 21 (60 mg. 0.26 mmol) and Me,SiCN (40 tiL. 0.3 mmol) were 
stirred at room temperature without solvent for 30 min; then 10 mL boiling hexane was added 
to the reaction mixture and the remaining solid filtered off. After evaporation of the hexane, 
25 (70 mg, 88%) resulted as an oil. 'H-NMR 5„: 0.20 (s. 9H. Si(CH 3 ) 3 ). 3.55-3.70 (m. 8H. 
N(C// ; CH,C1) I ), 6.65 (d, 2H, J =9.30 Hz, H wom2+6 ). 6.73 (d, 2H, H„ om3+5 ) MS (FAB), m/z: 
504 tM+, 100). Accurate ma*. tC^CNNOSi) calcd. 305.0769; found 305.0765. 




liallvl.l(4 , -(TS-N.hisf2-chl 
glntamatel (26) 

To a stirred solution of 14b (100 mg, 0.26 mmol) in CH,C1, (5 mL) at -78°C, was added 
phosgene (20% solution in toluene. 150 M L, 0.3 mmol), KF (200 mg, 3.45 mmol) and 18- 
crown-6 ether (25 nL 0.12 mmol). After 1 h at -78°C. fluoroformate 24 was formed as 
indicated by IR spectra ( Vo cof=1827 cm 1 ). Silylated phenol 25 (70 mg, 0.23 mmol) in 
CH.C1. (3 mL) was added and the solution stirred 1 h more at -78°C. then filtered and the 
iUi.ic evaporated. After purification by preparative HPLC (eluem: cyclohexane:AcOEt 4: 1). 
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26 (60 mg, 41%) resulted. 'H-NMR 6 H : 1.90-2.20 (2m, 2H, Ctf 2 CH(NH)-), 2.45-2.60 (m, 
2H. CH : CO ; -allyl), 3.72 (s. 8H. N(CH,CH^!«, 4.l5-4.25(m. 1H, CH-G). 4.57 (d 2H. 
1=5 40. CH.0 allyl). 4.63 (d, 2H. 1=5.28 Hz, CH,0 allyl). 5.23 (s. 2H. ?hCH 2 ), 5.15- 
5.35 un, 4H. CH,= allyl), 5.85-6.00 (m. 2H, CH = allyl). 6.75 (d. 2H. l=9.1lHz. 
H >. 7.06 (d. 2H. HaMi-.r*- 7 -M (d. 2H. 1=8.51 Hz. H^^s). 7.41 (d. 2H, H OT:i0 . fr ). 
8.31 (d. 1H, 1=7.77, NH-G); MS (FAB) m/z: 637 (M, 100) 



|\,N-his(2-chlor< 
glutamic acid (27) 

To a solution of 26 (40 mg, 0.063 mmol). PPh3 (63 mg. 0.24 mmol) and Pd(PPh 3 ), (12 mg, 
10 0.01 mmol) in CHjCl, (3 mL). acetic acid (80 pL) was added and the mixmre stirred for 2 
h under argon. The solvent was evaporated and the residue dissolved in AcOEt (25 mL). 
washed with aqueous citric acid 5% (25 mL) and with H : 0 (25 mL). The organic layer was 
dried over MgSO, and the solvent evaporated. After purification by preparative HPLC 
(eluent CHX 1, : EtOH : AcOH 90:5:5) 27 (8 mg. 25%) resulted. l H-NMR (CD,COOD). 
15 5H.:.05-2.20 (0/.CH(NH)-), 2.61 (t. 2H. CWXOjH). 3.60-3.75 (m. 8H, N(CT/ : C// : ;i) 2 ). 
4.45-4.55 (m. 1H, CH-G). 5.23 (s, 2H PhCH 2 ). 6.73 (d, 2H, 1=9.20 Hz, H^.^). 7.06 
(d. 2H. H„ om , +5 ), 7.19 (d, 2H, 1=8.59 Hz. H.^)), 7.45 (5. 2H. H^.,); MS. (ESI) 
m/z: 557 (M + l. 3). 




Example 3. 
20 Hi./.hutvl.fr4 t -rNN-hi 5 f2-chloro 

I^glutamatel (17) 

T. , solution j 14a (60 mg 0.15 mmol) in toluene (5 .mL) was added isocyanate 16 (0.60 
mmol) in toluene (5 mL) and dibutyltin dilaurate (10 ftL). The reaction mixture was stirred 
for 12 h at room temperature. The solid which formed was filtered off and the nitrate 

25 evaporated. Purification was acmev^ 

31) when product 17 (90 mg, 90%) was obtained as an oil. 'H-NMR 6*1.41 (s. 9H. r-Bu), 
1 42 (s. 9H, r-Bu). 1.65-2.05. (2m, 2H. CH,CH(NH)- ). 2.30-2.40 (m. 2H, CH jC 0 2 -/-Bu ). 
3.68 (s. 8H, H(CH : CH : C\h). 3 95-4.15 (m. 1H. CH-G). 5.10 (s, 2H. PhCtf, ). 6.70 (d. 2H. 
1=8.75 Hz, H^s). 7.10 (d, 2H, 1=8.31 Hz, . H„ omJ , s ), 7.28 (d. 2H. IW^ 7 42 

30 (d, 2H. H^ 6 ), 8.92 (d, 1H. 1 =7.80 Hz. NH-G). 9.36 (s. 1H. Ph'-AW). MS. m/z (FAB): 
667 M + l. 5). 689 (Mr 23. 100) 
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4ir\' | fsi.i ? f c fi.rhlnrorthvllaminol^^^ 
acid (18) 

Di-f-butyl ester 17 (90 mg, 0.135 mmol) was dissolved in fonnic acid (10 mL) and stirred 
under argon at 12 °C for 24 h. The reaction mixture was lyophilised, the freeze-dried material 
i.ritun^d with CH ; C1,. 'he solvent removed snd the solid kept in a dessicator 24 h under 
vacuum to afford 18 (65 mg, 87%). »H-NMR«„: 1.75-2.15 (2m. 2H. CHfBQXBh ). 2.30- 
2.50 (in. 2H. C//_,CO,H ). 3.68 (s. 8H. N(C// 2 C// : C1) : ). 3.95-4.10 (m. 1H, CH-G). 5.10 (s. 

2H. PhC//*, 6.70 (d, 2H, J-8.6flfc.-lW*,.>. 711 < d « 2H * J = 8 29 ' 7 ' 28 <d * 

2H, IWt>. 7.42 (d, 2H, H,^). 8.07 (d, 1H. J=7.80 Hz. NH-G), 9.36 (s, 1H. 
10 Ph'NH). MS. m/z (FAB): 555 (M. 90), 578 (M+23. 100). Accurate mass: calcd: 
(C,,H r N,0 8 Cl : Na). 578.1073. found: 578.1070. 



Example 4. 

ghitamatel (19) 

15 A similar procedure as for 17 was used, starting from isocyanaie 16 (0.54 mmol) in to.uene 
(5 mL). 8b (0.10 g. 0.27 mmol) dissolved in CH : C1 2 (5 mL). and dibutyltin dilaurate (10 
M L). to yield 19 as a solid. After further recrystallisation from hexane.AcOEt 9:2 19 (0.11 
mg. 64%) resulted. 'H-NMR 6„: 175-2.15 (2m, 2H. C//,CH(NH>->, 2.35-2.50 (m. 2H. 
CH,CO,-Allyl ). 3.68 (s. 8H. N(C//XH 2 C1) 2 ), 4.25-4.40(m, 1H. CH-G ). 4.55 (d, 2H, 

20 J = 5.39 Hz, CH 2 0 allyl). 4.61 (d, 2H. J=5.37 Hz, CH : 0 allyl). 5.01 (s, 2H. ?hCH 3 ), 5.15- 
5.35 (m. 4H. CH : = allyl), 5.80-6.05 (m, 2H. CH= allyl). 6.61 (d. 1H. J=7.97 Hz. NH-G). 
6.69 (d. 2H. J=8.99Hz, H^,,). 7.28 (d, 4H, J=7.79 Hz. . IW +6 +lW*6-). 7 39 (d. 
:il, li^^. 8-64 ts. 1H.PWVH. ). 9.30 (s, 1H. Ph'AW). MS. m/z (FAB): 635 (M + 1. 5), 
657 (M+23, 5). 

25 a^ fNjgjasife^ ^ 

add (20) 

. Diallyl ester 19 (40 mg. 0.06 mmol) dissolved in CH 2 C1 2 (2 mL) was stirred with Pd(PPh,) 4 
(4 mg) and pyrrolidine (15 f»L, 0.15 mmol) The reaction mixture was kept under argon for 
45 min then diluted with 2 mL toluene. The pyrrolidine salt of the acid 20 precipitated and 
30 was recovered by filtration. The free acid was obtained by extracting the precipitate with 
JH Cl./aqueous citric ac.u 10% . iue organic layer was washed with H : Q and evaporated to 
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give the free acid (20 mg, 60% ) after filtration of the remaining water. 'H-NMR 6 H :1.70- 
205 (2m, 2H. C/fXH(NH)-), 2.20-2.35 (m. 2H, CH 2 C0 2 -allyl). 3.68 (s, 8H. 
WCHfiH&M. 4.15^.30(m. 1H, CH-G), 5.01 (s, 2H. PhCH 2 ). 6.45 (d, 1H. J=7.98Hz. 
NH-G),6.69 (d. 2H, J=9.05Hz, lU^-J, 7-27 (d. 4H, J=8.60Hz, H^^+H^ * 6 ), 7.39 
fd. 2H. ,.„.,:. H,., ,-.,•). 8.65 (s, 1H, PhAW). 9.30 (s, 1H. Ph'NH). MS (FAB), m/z: 554 (M. 
50), 577 (M +23, 100). Accurate mass: calcd: (C 24 H M N 4 0 7 Cl 2 Na) 577.1233, found: 577.1230. 



Example 5. 

(4-nltro.henzvn f-b ti*v«-rii-pheny'-*iM ether (2a). 

To a stirred solution of 4-nitrobenzyl alcohol (1.00 g, 6.50 mmol) and imidazole (0.97 g, 
10 14. 10 mmol) in DMF (10.0 mL), r-butyl-diphenyl-chlorosilane (1.98 g, 1.87 mL. 7.20 mmol) 
was added over 10 min under nitrogen at room temperature. The reaction mixture was stirred 
tor an additional 5 h. diluted with 75 mL Et 2 0, washed with H 2 0 (5 times, 15 mL). dried 
<MgS0 4 ) and evaporated under vacuum. An oil which crystallised on standing, resulted; 
yield: 2.54 g. After recrysiallisation from EtOH 70%. 2.36 g (93%) of a white soiid is 
15 obtained, mp 80,81 ■Ct^/cnv' (film): 2931. 2857 (CH 2 , asym.. sym.), 1521. 1345 (NO : ): 
'H-NMR. 6„: 1.06(9H. s. r-Bu), 4.92 (2H, s. CH 2 ), 7.42-7.46 (5H, m, Ph). 7.63-7.65 (7H, 
m. Ph+H Mom2+6 ), 8.23, (2H, d, J = 8.23 Hz. H^Y, MS, (EI). (391.54); m/z: 334 (M - 
r-Bu. 100), 288 (M - /-Bu - N0 2 . 10). 256 (M - r-Bu - Ph. 20). 199 (PhjSiOH*. 100); 
C a H a NOjSi. 

20 4-n8tro-benzY' -2 < .tetrahv ^rffPY ranvl gther(2b). 

To a stirred solution of 4-nitrobenzyl alcohol (1.53 g. 10.0 mmol) in CH 2 C1 2 (50 mL), 3,4- 
dihydmpyran O 36 ml.. 1,26 g. 15 0 mmol) and pyridinium-r-toluene sulphonate (0.25 g) 
were added. After 1.5 h the reaction mixture was evaporated to 4-5 mL, AcOEt (25 mL) was 
added and the solution washed with water (3x50mL), then brine, dried (MgS0 4 ) and 
25 evaporated under vacuum. The product, 2b, (2.46 g. 99%) resulted as an oil. 'H-NMR, 6„: 

1.51-1.63 (m. 4H. 2H 4 .+2H,.), 1.66-1.74 (m, 1H. 2H y ) 3.50 (s. 1H. H 6 ), 3.78 (m, 1H. 

H*), 4.62 (d. 1H. J=3.8 Hz. CH 2: Ph), 4.72 (m, 1H. H 2 ). 4.81 (d. 1H. CH 2 -Ph). 7.62 (d. 

2H. J=8.5 Hz, H™). 8.22 (d. 2H r H^); MS, (FAB). (237. 52); m/z: 260 (M* +23. 15). 

236 (M - 1, 45), 136 (4-NO,C e H,CH 2 M00). 
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Example 6, 

fd. am inn.h e nzvl ) «-H..*vl-rii-nhenvl.silyl ett|gr ftaj 

To a stirred solution of 2a (5.00 g, 12.80 mmol) in ethanol (100 mL) was added Pd/C 
10%(1 50 g) and ammonium formate (4.60 g) in one portion at 20°C. After 1.5 h the catalyst 

« ,-as removed by nitration, the filtrate concentrated under vacuum and the residue rrtiuoned 
between EtOAc:H,0. The organic layer was dried (MgSC,) and concentrated to give 3a as 
,„ .n: yield: 4.24*g (91 «): ^cm-WfilmV 3433, 3378 (NH 2 ), 2931. 2857 (CH, asym.. 
svm.): 'H-NMR. 6„: 1.00 (s. 9H. r-Bu), 4.57 (s. 2H. CH,). 4.98 (s broad, 2H, NH,), 6.52 
(d. 2H, J = 8.25 Hz, H^.), 6.96 (d. 2H. H,^ 6 ). 7.42-7,46 (m. 5H. Ph). 7.62-7.65 (m, 

10 5H. Ph): MS. (EI), (361.56); m/z: 361 (M*. 8). 304 (M - ,-Bu, 100). 199 (PhaSiOH*. 100): 
anal (C, 3 H 21 NOSi). C. H, N. 

( 4. a min»-h e nzvi )-^ , -t'»tr a hvdronvranYl ether (3bl 

A similar method as for 3u ,as employed using 2b (8.53 g. 35.9 mmol) in ethanol (1 50 mL) 
Pd/C 10% (3 50 g) and ammonium formate (12.0 g. 180.0 mmol). An oil (6.40g, 36%) 

15 resulted after work up. which was purified by column chromatography (cyclohexane:AcOEt 
1 • iv The desired compound eluted firs, as an oil (2.59 g. 38%). u^/cm 1 (film): 3447, 3360 
<NH.. sym. asym). 2943 , 2870 (CH, asym.. sym,: 'H-NMR, o H : 1.42-1.5: 1 (m 4H. 
, H ^H.) 1 55-1.72 (m. 1H. 2H,-> 3.45 (s. 1H. H,). 3.79 (m. 1H. H,). 4.22 (d. 1H. 
1 Hz CH.Ph), 4.37 (d. 1H, CH 2 -Ph), 4.60 (d, 1H. H r ), 5.00 (s, 2H, NH 2 ), 6.52 (d, 

20 2H. 1=8.23 Hz." H_>. 6.97 (d, 2H, H_* MS. (El). (207. 27): m/z: 207 (M', 100,, 106 
(H : NC»H J CH : *.100>: anal (C !: H r NO : , C. H. N. 

fx ample 7. ' 

,11 f li m rl If M- tr l-i f - P-" ■.«n»i^-hfnTvimarl > fflii>rHrHiffinnw™ 

MahodA A suspension was form*, by adding 0.31 g (0.43 mL. 3.1 mmol) rriemylamme 

isocvanste. 4.. 10.60 g. 1 .55 mmo.) dissolve in 3 mL THF (dry) was added ro Una a, room 
remperature. After .2 h rhe precipe was fiUered and U« solver* removed under vacuum 
JL 0 87 g (87* > of an oil. The produc, was purified by column chromarography (AcOE. 

30 (film) 3359 (NH). 2932. 2857 (CH, asym.. sym ). 1729 <C=0. «s«r). 1670 (C-O. urea). 

30 (ftlm). ,-Bu-glu). 1.43 is. 9H. r-Bu- 

1 154 IC O. sir.): 'H-NMR. 6 H 1 -0a <>■ 9H.rnui.i i .„..„, 
, W . 1 68-2.00 (2m. 2H. CH(NH)CH,,. 2 .8-2.32 (m. 2H. CftCOw-Bu). 4.0M.H C 
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1H. C//(NH)CH 2 ). 4.68 (s. 2H. PhCH 2 ). 6.38 (d, HL J = 8.12 Hz. NH-glu), 7.19 (d. 2H, 
J = 8.41 Hz, H^,). 7.32-7.47 (m, 7H. Ph+H^*), 7.62-7.70 (m. 5H, Ph), 8.54 (s. 
1H. NH-Ph); MS, (EI), (646.90); m/z: 590 (M - r-Bu + 1, 2). 534 (M - 2x-Bu + 2. 5), 478 
(M - 3/-Bu + 3, 100), 199 (PhjSiOH*, 100); anal (C 3T H5oN 2 0 6 Si). C. H, N. 

< Method B_: One pot synthesis of compound 7a : To a solution of di-r-butyl-glutamate 
hydrochloride (4.14 g, 14.0 mmol) and triphosgene (1.39 g, 4.67 mmol) in toluene, cooled 
u 78 T. 3 90 mL (2.83 g 28 mmol) triethylamine in 10 mL toluene were added dropwise 
over 30 min. The reaction was allowed to reach room temperature and was completed by 1 
h. To this mixture, a solution containing (4-ainino-benzyl)r-butyl-diphenyl-silyl ether 3a (5.00 

10 g. 13.8 mmol) and triethylamine (1.95 mL, 14.0 mmol) was added over 5-10 min. The 
reaction was completed by 20 h. The reaction mixture was filtered, washed with H 2 0 (200 
mL). HC1 solution 1 % (200 mL). Na : CO, solution 1 % (200 mL). H 2 0 (twice. 200 mL). dried 
(MgSO,) and evaporated under vacuum, yielding a thick oil. Yield: 9.90 g. (TLC. AcOEt : 
cydohexane 3:1). The product was used for defection without further purification. 

15 rfi a iivl,r2-.tetr^hvrirni>vran v 1-n.henzvn.4. ^rh g « P ftvUL-Pliitamate(7b) 

A similar one pot procedure was used, starting from diallyl gluumate-p-toluene-sulphonate 
(1.08 g, 3.1 mmol). triphosgene (0.30 g, 1.03 mmol) and triethylamine (0.86 mL, 0.63 g, 
6 2 mmol) in toluene (20 mL) at -78 "C to prepare the diallyl -L-glutamyl isocyanate 6b. To 
the reaction mixture 3b (0.52 g, 2.5 mmol) and triethylamine (0.41 mL) in 5mL toluene was 
20 added. An oil resulted (1,17 g) which was separated by preparative HPLC using 
cvclohexane: AcOEt 1 .5: 1 as eluent. The desired compound separated as an oil (0.75 g. 65%). 
v /cm ' (film): 3362 (NHj), 2944. 2871 (CH 2 . asym.. sym.); 'H-NMR. 6 H : 1.47-1.50 (m. 
4H 211 t2H 5 ), 1.60-l.<58vm. 3H.2H, + C// 2 CH(NH)-). 1.88-2.05 (m, 1H, -C« 2 CIUNH> 
) 2 37-2.45 (m, 2H. CH 2 C0 2 A), 3.45 (s, 1H, H,). 3.80 (m. 1H, H,). 4.20-4.31 (m. 1H, - 
25 CH(NH)-). 4.35 (d. 1H, J-1L55 Hz. CH 2 -Ph). 4.53-4,63 (m. 5H. CH 2 -Ph + CH 2 0 allyl), 
5 18-5.33 (m. 4H, CH 2 = allyl), 5.80-6.00 (m. 2H. CH= allyl). 6.60 (d. 1H, J=8.03 Hz. 
NH-G). 7.20 (d. 2H. J=8.47 Hz. H^, 7.35 (d, 2H, H_), 8.47 (s. 1H. NH-Ph): MS, 
(EI). (460, 53); anal (Cj^NjO,), C, H. N. 
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Examole 8. 

Hi.^.i ?1 itvl 1 (4.hvdroxYhpnzvncarb aninvl-I^glutainatef8a) 

Tetra-butylammonium fluoride solution in THF (1M) 20.0 mL (2.5 eq) was added to 
compound 7a (5.15 g. 8.0 mmol) in 100 mL THF at room temperature. The reaction was 
-• finfchetl in 3 h (TLC AcOEt • cyclohexane 3:1) The reaction mixture was evaporated under 
vacuum. The oil thus obtained was dissolved in AcOEt (50mL), washed with water (3x100 
mU. dried (MgSOJ and evaporated again. An oil (5.08 g) was obtained. The deprotected 
compound. 8a. was purified by column chromatography (AcOEt -.cyclohexane 3:1) yielding 
1.88g (58.5%) of an oil which crystallised on standing. Recrystallisation from 60% aqueous 
10 MeOH afforded a white solid. Mp : 103-104 °C; u TO /cm ' (film): 3370 (broad, NH + OH), 
2967 (CH 3 ), 2930, 2857 (CH, asym., sym.), 1716 (C=0, ester), 1678 (C=0, amide), 1153 
(C-O, str.): 'H-NMR. 6 H : 1.40 (s. 9H. r-Bu). 1.42 (s. 9H. r-Bu). 1.72-2.00 (2m. 2H. 
CH(NH)CH,). 2.20-2.31 (m. 2H. CH,COw-Bu), 4.1CM.18 (m. 1H. CH(NH)CH Z ). 4.39 (d. 
2H J = < 36 Hz. CH,). 4.99 (t. III. CHOtf). 6.38 (d. 1H. J = 8.11 Hz. NH-^.u). 7.16 
(d. 2H, J = 8.35 Hz. H„ eB * +5 ), 7.31 (d. 2H, H^). 8.50 (s, IH, NH-Ph); MS. (EI), 
(408.49); m/z: 408 (M". 10), 352 (M - <-Bu + 1, 4). 296 (M - 2r-Bu + 2, 14): anal 
(C : ,H 3I N : 0 6 . C.H.N. 

H8 a llvl ,f4.hvdroxvh «»nTvngarba'"H- 1 -g l,ltamate (8b> 

The intermediate 7b (0.61 g, 1.3 mmol) was hydrolysed at 45 °C in 24.5 mL of a mixture 
AcOH THF:H,0 4:2:1 for 3.5 h. (monitored by TLC. eluent. AcOEtxyclohexane 1:1). The 
reaction mixture was diluted with 50 mL H 2 0, extracted with ether (2x25 mL), then with 
AcOEt (2x30 mL). The pooled organic layers were washed with water (2x30 mL), dried 
vUgSW and evaporated to dryness (with addition oi toluene. 2x30mL,. An oil resulted (0.52 
g) which was purified by preparative HPLC (cyclohexane: AcOEt 1:2). yielding compound 
8b (0.221 g. 45%). UW' (film): 3354 (NH, OH broad), 1737 (C-O. ester). 1659 
(C-O, amide); 'H-NMR, 6„: 1.85-1.93 (m. IH, 0/,CH(NH)-). 2.00-2.05 (m. IH, - 
CH,CH(VMV). 2.46 (t. 2H. J=5.42 Hz, CH,C0 3 A). 4.26-4.35 (m, IH. -CWNH)-), 4.40 
(d 2H J=5.64 Hz. CH 2 -Ph). 4.55 (d. 2H, J-5.32 Hz. C Hj O allyl). 4.61 (d. 2H, OLO 
ally!). 4.98 (t, III. OH). 5.17-5.37 (m. 4H. CH : = allyl). 5.85-5.94 (m. 2H. CH= allyl). 
6 56 fd IH. J=8.03 Hz. NH-G). 7.17 (d. 2H, J=8.48 Hz. H^. 7.32 (d, 2H. H_). 8.52 
(s. IH. NH-Ph): MS. (El). (376. 41): m/z: 399 (M* + 23. 35). 377 (M' + l. 100). 359 (M- 
rt,i>. 34). anal (C,*H :4 N : 0 6 ). C. H. N. 
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^!^fl4 ( 4-nlt rr1 f ■..■n^farbf rr-'t f "'""""-"■ •fr"^'- ' -°'^ tf! '^° i ■" ,9a) 
To a led solution of 8, (0.20 g. 0.49 mmol) indryTHF (10 mL) wen: added 0..1 8 (0 
5 nunol) 4-ni.roph.nyl ch>oroforma,e and rted.ylamte (0.1 mL. 0.6 mmol) « ™.m 
K ,npeu.u,e. The reaction was co.np.oe b> In. The precipe formed was m.ered and Ore 
somtion concerned under vacuum. AcOEt (10 mL) was added, me solution washed w,* 
brio, HxlO mL, dried and evaporaed again, giving an oi, (0.28 g). Tk produc. was 
purified by column chroma.ogr.pby (0.16 g. 57%) and repurifed by preparative HPLC (0. 14 
g). „„/cnV (Him). 3349 (NH,>. 2979. 2932 (CH, asym.. syn,.). 1767 (CO. «rbon»e . 
,716 (C-O. esrer). 1652<C-0. amide). 1527. 1349 (NO:). 'H-NMR. 1.39 (9H. s, r-Bu). 
, 42 (9B s. r-Bu). 1.67-2.05 (2H. 2m, CftCHOW-). 2.20-2.38 (2H. 2m. CH,COH-B«). 
4 08-4.21 (1H. m. CHNHV). 4 63 (2H. , CH : Ph). 6.46 (1H, d. J - 7.99 Ha. NH-Jh.). 
7 33 (2H. d. J - 8.61 Hz. H_.,). 7.42 (2H. d. IW. 7.56 (2H. d. J - 9.17. 

^ ... v., mc /en ivn fift: anal 

lUc.j. 3.30 CH. d. IW 



). 8.68 OH. s. NH-Ph.: MS. (EI). (573. 60); anal 



15 (C:,H B N,0^. C. H. N. 



iir n ... ^^^.^n y^^vlWavbcnTvll-rar^niOv'-W MM18W *» > 
Sorting from 8b (0.19 g. 0.50 mmol). 9b was obtained b, a simUar procedure a* gunned 
bv P ,e »ra,ive HPLC. Compound 9b resuhed as a wbire »H- (0 -32 g. 48 ..» . J-NMH. 
V . .I..95 (m. 1H. C W! CH(NH». 2.03-2,2 (m. 1H. .C*CH(NH>-, 2M fc ffl. 
» ,-7.40 Hz. CHXCA, 4.33^.48 (m. 1H. -d/(NH)-). 4.55 ,d. 2H. ,=5.33* CH O 
,„,„. 4.6. ,d. 2H. CH,0 ally.). 5. ,7-5.38 <m. 4„. CH : - .Uyl). « 
5.96 (m. 2H. CH- a..,.). 6.65 (d. 1H. ,-8.26 Hz. NH-G), 7.34 (d^H ,-8. Hz. 
H.J. 7 43 (d. 2H. UmJ. 7.56(d. 2H.i-9.14 Hz. H^). 8.3.1 (d. 2H. H ,^8.7, «, 1H. 
NH-Ph); MS. (ED. (541. ); m/z; 564 (M-+23, 60). 542 (M* 4-1. 6); anal (WWA* G 
25 H N; accural mass: oded. «JWWW- 5*4.1594; found 564.1590. 
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To ^ZZZ-W- - -W 
sulphon^e (.0.0 g. 25.0 mmol,. nipbosgene (2.46 g. 8.3 mmol, and „,emy.amme < 05 mL. 
,5 0 mmo.. 3 eq. in ,00 mL THF. a, -78 °C, was added dropwise 4-anrmobcnzy. alcohol. 
„ o u g. 24.3 mmol, a„d .riemy,am.n« ,3.4, mL. 24.3 mmo„ in 20 mL ,o,uen=. over ,0 



m PC17GB96/00112 

WO 96/22277 ^H) 

- 28 - 

min ai room temperature. The reaction was complete by 15 min. The reaction mixture was 
filtered, evaporated to dryness and the residue dissolved in 20 raL AcOEt, washed with water 
(2x20 mL), dried (MgS0 4 ) and re-evaporated. An oil resulted (10,25 g). 2.7 g of the obtained 
product was submitted to purification by preparative HPLC when 1.52 g (63%) of pure 8b 

-e-iulted 



Example 1), 

di-r.hiitvl.{4i 2'H »3'-S S-Hithienvftphe nvlloxvcarbonYl-L-glMtamate} (12L 

To a solution of di-r-butyl-glutamyl isocyanate 6a (prepared from di-r-butyl-glutamate 

hydrochloride (1 .50 g, 5.0 mmol). triphosgene (0.50 g, 1 .66 mmol) and triethylamine (1 .40 

10 mL, 28.0 mmol) in 50 mL toluene, at -78 X), was added 4[2'(r3 , -S,S-dithienyl)phenol, 
11 (1 I0g. 5.0 mmol) and triethylamine (0.70 mL). After 12 h. the solid formed was filtered 
and the solution washed with: NaOH 1% (75 mL), water (2x75 mL), dried (MgS0 4 ) and 
evaporated. A white solid (2.30 g. 95.87,) was obtained. Recrystallisation from aqueous 
EtOH 50% afforded the pure 12 (1.81 g, 72.7%). ujcm" 1 (film): 3347 (NH 2 ), 2977, 2945 

15 tCH,, asym.. sym.). 1728 (C=0, ester); 'H-NMR. 6„: 1,41 (s, 9H, f -Bu), 1.42 (s, 9H. i- 
Bu). 1.62-1.90 (m. 2H. CH : -5*). 1.90-2.32 (2m. 2H. CH 2 CH(NH)-). 2.30-2.40 (m. 2H, 
CH ; CO : -f-Bu). 2.86-2.93 (m. 2H, CH 2 -4' or 6 ), 3.09 (t, 2H, J = 12.3 Hz, CH,-6' or 4'), 
5.41 fs. 1H. H-2'V. 7.08 fd. 2H. J = 8.50 Hz. H™,.,). 7.43 (d. 2H. H aroni2+6 ). 8.12 (d. 1H, 
J=7.81 Hz, NH-Ph): MS, (EI), (497, 67 ); m/z. : 497 <M\ 2). 451 (M - r-Bu . 2). 359 (M - 

20 2r-Bu, 20): Anal.uC i4 H 2 jN0 6 S 2 ). C H, N. 

Hi-/-hi.tvl.(4-ben7aldehvl)p^car bonYl-l^utai1iate(13aL 

To the solution of dithiane 12 (U.50 g. 1.0 mmol) in CHC1 3 ^10 mL) and THF (5 mL) was 

added dropwise a solution of Hg(C10 4 ) 2 .3H 2 0 (0.91 g. 2.0 mmol) in 5mL THF. After 5 min 

the precipitate was filtered and the solution is washed with H 2 0 (2x25 mL). sodium carbonate 
25 (25 mL). H,0 (2x25 mL). dried (MgS0 4 ) and evaporated. The compound 13a (0.33g. 81 %) 

was obtained as a clear oil. u^/cm"' (film): 3347 (NH : ). 2979, 2934 (CH 2 , asym.. sym.). 

1731 (C=0. ester), 1712 (C=0, aldehyde); 'H-NMR, 6„: 1.41 (s, 9H. f-Bu), 1.43 (s, 9H. 

,-Bu), 1.80-1.87 (m. 1H, 0/ : CH(NH)-), 1.96-2.02 (m. 1H, CH 2 CH(NH)-). 2.32-2.39 (m. 

2H. OLCOW-Bu). 3.99-4.04 (m. 1H. CH-G). 7.34 (d. 2H, J = 8.39 Hz. H„ omJ+s ). 7 96 
30 fd. 2H. H^J. 8.29 (d. 1H, J-7.72 Hz. NH-Ph). 9.98 (s. 1H. CHO): 
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rfi./-butvl.f4-bY' < '-" CThg "^' > ) ftWgarhonv| - 1 rPhitamatg (14» 

Compound 13a (0.150 g. 0.36 nunol) dissolved in 5.2 mL of a mixture of 
H,0:AcOH:CH,OH (1:1:1) was reduced with sodium-cyanoborohydride (0.027 g, 0.43 
rnmol) at room temperature. After Ih. AcOEt (20 mL) was added, the reaction mixture 

5 grated, the residue dissolved in AcOEt (20 mL). the solution washed with H : 0 (20 mL). 
brine (2x20 mL). dried and evaporated to dryness. Compound 14a (0.127g. 86%) was 
Stained as an oil. The final purification was achieved by preparative HPLC 
(cvclohexane:AcOEt. 2:1). u^/cm 1 (film): 3352 (NH, OH. broad), 2979, 2945 (CH, 
asvm.. sym.), 1728 (C-O, ester), 1712 (C=0. aldehyde); 'H-NMR, 6 H : 1.41 (s. 9H. r-Bu), 

10 1 42 (s. 9H. r-Bu). 1.70-1.82 (m. IH, CH 2 CHm». 194-1.99 (m, IH, CH 2 CH(NH)-), 
2.31-2.38 (m. 2H. CH,CO : -/-Bu). 3.97-4.02 (m, IH, CH-G), 4.48 (d, 2H, J = 5.70 Hz, 
PhCttOH). 5.15 (t. IH. OH). 7.03 (d, 2H. J = 8.39 Hz. H^,). 7.31 (d. 2H. H^*), 
8.04 (d. IH. J=7.88 Hz, NH-Ph), 9.98 (s, IH. CHO); anal: (C 2) H„NO T ). C. H, N. 

Example 12. 

IS 1 ii.f.h.itvl.i4.b p '»'>«rf«»hvh 0 xvrarhonvl-L-glutamate(|3a)t 

To a solution of di-r-butyl-glutamyl isocyanate 6a (prepared from di-r-butyl-glutamate 
hydrochloride (0.200 g, 0.67 mmol), triphosgene (0.067 g, 0.22 mmol) and triethylamtne 
(0.190 mL, 1.35 mmol) as above] in 15 mL CHC1,. were added 4-hydroxybenzaldehyde 
(0 082g, 0.67 mmol) and triethylamine (0.190 mL. 1.35 mmol) in 10 mL CHC1, over 10 

^0 nun The reaction was heated under reflux for 2 h, then the solvent was removed under 
vacuum. The compound was purified by preparative HPLC (eluent: cyclohexane:AcOEt 6: 1 ). 
Finally a clear oil was obtained (0.197 g, 72%). 

Example \& 

Ai*\M , (4-hvdroxvben T Yl)^ rarhonvl1 ^" tan ^ a ^ <* 4fe * 

A clear solution of diallyl-glutamyl isocyanate 6b [prepared from diallyl-glutamate p-toluene 
sulphonate (3.28 g. 8.20 mmol), triphosgene (0.81 g. 2.73 mmol) and triethylamine (3.44 
mL 24.6 nunol) in 50 mL THF, at .78 °C. according to the procedure described above] was 
obtained by filtering the reaction mixture at room temperature. 4-hydroxybenzyl alcohol 29 
(1 00 g 8 10 mmol) was dissolved in THF (dry) (10 mL) and 18-crown-6 ether (0.20 mL) 
30 and potassium tert-butoxide (0.16 g, 1.4 mmol) were added. To this mixture, the solutton of 
isocva,me 6b was added dronwise at room temperature with vigotous stirring. The reacuon 
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was lenninated by addition of AcOH (0.5 mL). The reaction mixture was filtered and the 
solvent removed under vacuum. The residue was dissolved in AcOEt (20 mL). the solution 
washed with aqueous NaOH 4% (20 mL). with H,0 (2x20 mL). dried and evaporated to 
dryness. Compound 14b (1.62* 53 %) resulted and was purified by preparauve HPLC 
(cte* cvclohexane-.AcOEt 1:1). Finally a clear oil was obtained (0 80 g. 26.5%). 'H-NMR. 
6 H - 1.90-2.01 (m. 1H. CHjCH(NH)-), 2.05-2.09 (m, 1H, -CH 2 CH(NH)-), 2.50-2.56 (m, 2H, 
CH,CO,A). 3.96^.05 (m. 1H. -CH(NH)-), 4.48 (d. ». J-5.67 Hz. PhCi/ ; OH), 4.58 (d. 
2H J-3J6 Hz. CH,G allyl). 4.63 (d. 2H, CH,0 allyl). 5.16 (.. 1H. OH). 5.19-5.38 (m, 
4H CH,= allyl). 5.95-5.99 (m. 2H. CH= allyl), 7.04 (d, 2H. J-8.47 Hz. H.^,). 7.32 
(d. 2H. H^*), 8.24 (d. 1H. J-7J2 Hz, NH-Ph); MS. (FAB). (377. ); m/z: 400 (M* +23, 
82), 378 (M' + l. 3); accurate mass (C 19 H l3 N0 7 Na): calc. 400.1372; found 400.1376 

pxample 14. 

Acuvarion of linker 14a (1.0 g. 2.7 mmol) was achieved by .he same procedure as m 
Example 9. After purification, an oil resuhed (0.64 g. 41%). »„,/cm ' (film); 3367 <NH : ). 
2980. 2933 (CH.. asym.. «ym.). 1767 (CO, cttbonaK). 1728 (C-O. ester); 'H-NMR. S»: 
, 4! (s 9H, ,-Bu), ..43 (S. 9H. -Bu). 1.89-1.94 (m. 1H. CH,CH(NH).>. 1 96-2.03 (m. 1H. 
CH.CWNHH. 2.31-2.37 (m, 2H. CH.COW-Bu), 3.96-4.05 (m. 1H. CH(NH». 5-30 <s. 2H 
CHiPh). 7.15 (d, 2H, J = 8.46 Hz. 7 49 (d. 2H. H^. 7.83(d 

Hz. W W- «. I-7JD HZ. NH-Ph); 8.3. (d. 2H. W <*"• 
50); m/z ; 597 (M-23. .2). 575 (M* + l. 4). 5.9 (M - ,-Bu - 1. .0). 463 (M - 2r-Bu - 2. 



20 



4); 

. . . iTl.-avrvr arhonv.-L -I 

«aUvU4.4 , nt.ronhenvl" ^ ) » , l ... i si- 



Starring from 14b (0.4 g. 1.06 mmol). 15b was obumed by a simUar procedtu, »mfica..on 
25 *J - OU (0.4488, 75.5,,. 'H-NMR. * 1.80-2.0. «m. .H. 

m. 1H CH(NH)C*,, 2.50-2.55 (nr. 2H. CH^A). 4..M-24 ft, 1H. 
„ 2H. 1=5.29 HZ. CH,0 ...yl). 4.63 (d. 2H. CH : 0 ally.). M9-5.38 ft, 4H. CH,- -W,. 
. 5.;, (,. 2H. PhCHO. 5.90-5.98 ft, 2H. CH, a..,.). 7.16 «. »• *^ 
7.50 (d. 2H. ,W 7.58 (d, 2H. H_,). 8... (d. 2H. H_ ^ MS. (FAB). ««. 
30 50); m/z; 563(M' + 23. .0). accurate mass; calcd. (C.H, .N : 0„Na,. 565.1434. found 
565.14^0. 
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CLAIMS 



A compound of the formula (I): 




H 



0 A OR3 



T 

O 

wherein X and Y are independently chlorine, bromine, iodine, a mesyl group CH 3 SO, or a 
tosvl eroup OSO : phenyl (wherein phenyl is optionally substituted by 1. 2; 3. 4 or 5 
substituents independently selected from C M alkyl. halogen, cyano or nitro; 
n is an integer from 0 to 4 and each group R'. which may be the same or different when n 
is greater than 1. is fluorine, chlorine, bromine, iodine, hydroxy, mercapto. ammo, nitro. Cm 
alkyl optionally containing one double bond or one triple bond. C M alkoxy, -CONRR 
(wherein R 7 and R« are as defmed below), -NH(C M -aUcyl). -WC„-iWh or C, 5 alkanoyl; 
or when n is 2 or more and two groups R' are on adjacent positions on the phenylene ring. 
2 adjacent R' groups together represent 

a) C4 alkylene optionally having one double bond; 

b) C3 alkylene; or , , ... 
~) CH-CH-CH-CH-. -CH=CH-CH ; nr -CH 2 -CH=CH- each optionally substituted with 
i 2 3 or 4 substituents said substituents each independently selected from the group 
consisting of C M alkyl. C M alkoxy, halogen, cyano. nitro. C„ alkanoyl and -CONR7R8 
(wherein R7 and R8 are as defined below); 

m is an integer from 0 to 4 and . which may be the same or different when m ,s greater 
than 1. is fluorine, chlorine, bromine, iodine, hydroxy, mercapto, amino, «. Cm .alkyl 
optionallv containing one double bond or one triple bond, C M alkoxy. -CONR'R' (wherein 
R' and R> are as defmed below), .NH(C M -alkyl), -N^-alkyl), and C„ alkanoyl; or when 
n is 2 or more and two groups R' are on adjacent positions on the phenylene ring. 2 adjacent 
S* groups together represent 
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a) C4 alkylene optionally having one double bond; 

b) C3 alkylene; or 

c) -CH=CH-CH=CH-, -CH=CH-CH r or -CH r CH=CH- each optionally substituted with 
I. 2, 3 or 4 substituents said substinients each independently selected from the group 
...oiling of C M alkyl. C H alkoxy. halogen, cyano. nitro. C M alkanoyl and -CONR7R8 
(wherein R7 and R8 are as defined below); 

ai.d 7. are eauh independently O- or -NH-; 
R» hydrogen, i-butyl or allyl; 

Z> is a group -V-W where V is -CH : -T- in which T is -CH r . -O-. -S-. -(SO)- or -(SO s )- 
,'provided that when V has sulphur or oxygen as its second atom. W is other than -COOH) 
and said group V optionally further carrying one or two substituents Ql and/or Q2 on carbon; 
'.vhwsin Q' and Q J each independently represents C M alkyl or 

halogen; or. when Ql and Q2 are bonded to adjacent carbon atoms, Q' and 0/ together may 
, Jdiubhallv represent a C,-C alkylene radical optionally substituted with 1, 2. 3 or 4 
substituents independently selected from the group consisting of C M alkyl and halogen and 
W represents 

(1) COOH. 

(2) -(C=0)-0-R6 wherein R6 represents a C,« alkyl. C„ cycloalkyl or aryl (as defined 
in 3 below) group: 

(3) - ( c =0)-NR7R8 wherein R7 and R8 each independently represent hydrogen or a Cl- 
6 alkyl, C3-6 cycloalkyl. aryl. heteroaryl linked to N via carbon or C7-9 aralkyl 
group wherein 
aryl is phenyl; 

heteroaryl is a 5 or 6 membered ring confining 1 to i.heteroatoms selected from the 
group consisting of nitrogen and sulphur; 

the aryl moiety per se, the heteroaryl moiety and the aryl moiety of the aralkyl group 
may be substituted on carbon with 1 -4 substituents selected from the group consisting 
of -COOH, -OH. -NH 2 , -CH 2 -NH, -<CH2) M -COOH, tetrazol-5-yl and -SO,H and 
the alkyl moiety may optionally carry a methyl group; 

( 4) -SO^HRO wherein R9 is as defined for R7 but may additionally represent -CF } . - 
CH 2 CF 3 or aryl as defined above: 

(5) SOJUO in which RIO represents H. C w alkyl or C,. 6 cycloalkyl, 



^)l>CT/GB96/00U2 

WO 96/21X77 

-33- 

(0) PCXR10R10 (wherein the RIO radicals, which may be the same or different, are as 

herein defined) 
(7) a tetrazol-5-yl group; 
18) -C0NH-S0,R1 1 in which Rl 1 represents 
<*) Cv 7 cycloalkyl: 

(b) C lJ6 -alkyl optionally substituted with substituents selected from the group 
consisting of aryl as defined below. C M -alkyl. CF, or halogen: and 

(c) perfluoro-C,* alkyl; wherein 
aryl is phenyl or phenyl having 1-5 substituents wherein the substituents are 
selected from the group consisting of halogen. -NOj, -CF„ C M alkyl, C,., 
alkoxy . -NH„ -NHCOCH,, -CONH,, -OCHXOOH, -NH(C M -alkyl). -N(C,. 
.-alkyl),, -NHCOOC M alkyl. -OH, -COOH. -CN and -COOC M alkyl; and 

(9, -M-Het wherein M represents S, SO or SO, and Het represents a 5 or 6 membered 
heterocvclic aromatic ring linked to M via a carbon atom of the aromatic ring, sa.d 
aromatic ring containing 1, 2, 3 or 4 heteroatoms selected from the group consisting 
of O. N and S said aromatic ring optionally being substituted on carbon atoms . f the 
ring with 1 , 2. 3 or 4 substituents selected from the group consisting of -OH. -SH, - 
CN, -CF,, NH 2 and halogen; 
and physiologically acceptable derivatives of the compound of formula (I). 

2. A compound according to claim 1 wherein R, and R : are each independently selected 
from hydrogen and fluorine. R, is hydrogen and Z> is a group CH 2 CH : COOH. 

5 A compound +e formula (II): 




R 1 <n)+ J ^ (||) 

v R2(m) 
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wherein X, Y. R', n, Z\ R 1 and m are as defined in claim 1, and physiologically acceptable 
derivatives thereof. 

4 . A compound according to claim 3 wherein R' and R 2 are each independently selected 
from hvdroeen and fluorine. 

5 A pharmaceutical composition comprising a compound according to any one of 
claims 1 to 4 together with one or more pharmaceutically acceptable carriers or diluents. 

6. 4'.[N.N-bis<2-chloroethyl)amino]phenyloxycarbonyl-oxy-benzyl-4-carbamoyl-L- 
glutamic acid. 

7. 4 , -[N,N-bis(2-chloroethyl)amino]phenyloxycarbonyl-oxy-benzyl-4-oxycarbonyl-L- 
glutamattc. 

8. 4-.[N.N-bis(2-chloroethyl)amino]phenylcarbamoyloxy-benzyl-4-oxycarboryl-L- 
glutamic acid. 

9. 4'[N.N-bis(2^hloroemyl)ammo]phenylcarbamoyloxy-beiizyM-carbamoy 
acid. 

10. Use of a compound according to any one of claims 1 to 9 in a method of treatment 
or therapy of the human or animal body. 

11. A two component system for use in the control of neoplasia in a human or animal 
subject which comprises a compound according to any one of claims 1 to 9 and a vector or 
other delivery system capable of selectively infecting tumour cells in said subject, said vector 
carrying a DNA or RNA sequence encoding an enzyme capable of convening said compound 
to a nitrogen mustard active against said tumour. 
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12 A compound of the formula (TV): 



(IV) 



° O A 0B3 

where R=. m. Z>. R> and Z' are as defined in claim 1, and Q is a leaving group, whh .be 
proviso *a. when R= is fluorine, ehlorine. bromine, iodine, hydroxy, memapto. runino. ru.ro. 
C„ alky.. Cm haloalkyl. C M alkoxy. C M haloalkoxy. C alkenyl. C„ alkynyl. and Cm 
ha.oa.keny.. R 3 U hydrogen or a Chalky, group. and V is a group -CH.CH^OOX" where 
X'° is hydrogen or a Cl-6alkyl group. IhenQ is not a N-suceinimidyloxy group. 

ii. A process for Ore production of a compound of formula (I) * defined in chin. 1 
which comprises reacting a compound of the formula (in): 




(III) 



ta which X. Y, R' and n . arc as defined for formula 0) and T is -O- or -NH- with a 
compound of formula (IV) 



WO 96/22277 




■i . 

PCT/GB96/00U2 



-36- 




(IV) 



° O^OR3 

in which R J . m. Z\ Z J and R J are as defined above, and Q is a leaving group or with a 
compound of formula (V): 



R2(m; 




23 



(V) 



° <A»3 



to which R=. m. Z\ 2* and R' are as defined above, and recovering toe compound of formula 
\\) produced. 

,4 A process for toe producrion of a compound of formula (ID as dcfmed in claim 3 
which comprises reacring a compound of formula (00 » defined in ,*» .3 with 4- 
ntoobenzy. chloroformare opriona.., subs.to.red wirh from . .o 4 gro»p(s, R as dcfmed m 
claim 3. and recovering die compound of formula (II) produced. 




wherein R J . m. Z 2 . R J and Z J are as defined in claim 
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CH20H 

i) — 




N02 
1 



CH20R1 



Fig.1. 

CH20R1 



N02 
2 

2a.Ri=TBDPS 
2b.Rl=THP 



CH20H 



\) +6 

NH2 
28 



CH20R1 



NH2 
3a.3b 

+6a.6b 
CH20R1 



NCO 
0 + 4 0 

RoA/S rV° R 



5. R2=NH2 1 

6. R2=NC0— J 

6a.R=tBu 
6b.R=allyl 



,°O^OR 

7a.R=t-Bu.Ri=TBOPS 

J . 7b.R=allyl,Rl=THP 
CH20H 



HN 



H « 



Y"T " OR 
Oo^OR 

8a.R=t-Bu 

8b.R=aUyl 



Q= -O" N02 



H 



HN 



Y N f^0R 

Oq^OR 
9a.9b 



SUBSTITUTE SHEET (RULE 26) 




15a.15b 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



4<5nnrin «wr> «w???77Ai i > 



wa 



ENTER^^Ii 



ONAL SEARCH REPORT 




No 



PCT/GF 96/69112 



lpp6 SS, "^C2?Er32 ECT Ce A J?2 R 71/54 C07C219/34 €070271/28 
A61K31/27 



A61K31/17 



According to International Patent gasriftcaoon (IPC) ot to both national 



and IPC 



B. FCEL0S SEARCHED 



Minimum documentation searched (classification system followed by dais fi cation symbols) 

IPC 6 CG7C 



Documentation searched other than minimum documentation to the extent thai such documents arc included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category " Citation of document, with indication, where appropnatc, of the relevant passages 



Relevant to claim No. 



EP.A.O 540 263 (CANCER RESEARCH CAMPAIGN 
TECHNOLOGY LTD.) 5 May 1993 
see claims; examples 6,9 

JOURNAL OF MEDICINAL CHEMISTRY, 

vol. 37, no. 21, 14 October 1994, 

WASHINGTON DC, US, 

pages 3452-8, XP002G0O756 

A. B. MAUGER ET. AL. : "Self-Imnolati ve 

Prodrugs. Candidates for Antibody-Directed 

Enzyme Prodrug Therapy in Conjunction with 

a Nitroreductase Enzyme." 

see whole document 

WO. A, 94 02450 (ZENECA LTD) 3 February 1994 
cited in the application 
see claims; examples 

-/" 



3,4.10, 
11 



3,4,10, 
11,14 



1,2,5-11 



Further documents arc listed in the continual on of box C. 



Patent family members are lilted in annex. 



* Special categories of ated documents : 

"A* document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the International 

Tiling date 

"L" document which may throw doubts on pnority dainx» or 
which is ated to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the international filing date but 
later than the pnority date claimed 



"T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the d aimed invention 
cannot be considered novel or cannot be considered to 

t is taken alone 



*Y' document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

*aV doc u men t member of the same patent family 



Date of the actual completion of the international search 



17 April 1996 



Date of mailing of the international search report 

24.06.96 



Name and mailing address of the ISA 

European Patent Office, P.B. 581 S Pexendaan 2 
NL • 2280 HV Rijswijk 
Td. 31 70) WO- 2040, Tx. 31 6SI epo nl. 
Fax (01.70)3400016 



Authorized officer 



Helps 



Pom PCT/15AJ2I0 (u 



ISDOCID* <WO 9622277A1 I > 



) sfeatt) (July 1992) 



page 1 of 2 



XB^XRNATIONAL SEARCH REPORT ^^uc .apphcm.no > 
V ^^CT/GB 96/00112 


C^Cononutoon) DOCUMENTS CONSIDERED TO BE RELEVANT 




Category* 


Citation of document, with indication, when appropriate, of the relevant passages 


Relevant to claim No. ; 


Y 


FR.A.l 463 764 (NATIONAL RESEARCH 
DEVELOPMENT CORPORATION) 21 November 1966 
see whole document 


1.2.5-11 


Y 


WO, A, 88 07378 (CANCER RESEARCH CAMPAIGN 
TECHNOLOGY LTD.) 6 October 1988 
cited in the application 
see whole document 


1.2,5-11 



Form PCT/UA/JH (ouUmuiieo of mama tt>«i| (Juty lt«l) 



page 2 of 2 



inter: 



ONAL SEARCH REPORT 



PCT/W* 



pptlCftftOO No 

96/00112 



Patent document 


I Publicmlion 


Patent family 


Publication 


| died in seven report 


1 dale 


mcmbcr(s) 


date 


EP-A-540263 


05-05-93 


AU-B- 


2776992 


21-05-93 






EP-A- 


0638123 


15-02-95 






W0-A- 


9308288 


29-04-93 






JP-T- 


7501692 


23-02-95 . 


WO-A-9402450 


03-02-94 


AU-B- 


4715693 


14-02-94 






CA-A- 


2101104 


24-01-94 






CZ-A- 


9500151 


15-11-95 






EP-A- 


0651740 


10-05-95 






FI-A- 


950230 


19-01-95 






HU-A- 


69288 


28-09-95 






JP-T- 


7509461 


19-10-95 






N0-A- 


950210 


23-01-95 






PL-A- 


307226 


15-05-95 






SK-A- 


6995 


11-07-95 






U5-A- 


9405990 


11-04-95 






ZA-A- 


9305290 


26-04-94 






ZW-A- 


9293 


30-03-94 


FR-A-1463764 


09-03-67 


N0NE 






W0-A-8807378 


06-10-88 


DE-D- 


3889340 


01-06-94 






DE-T- 


3889340 


01-09-94 






EP-A- 


0408546 


23-01-91 



Form PCT7UA/2I0 (p*m\ (unity mm) U«ly 1*97) 

<SDOCID-<WO BS22277A1 I > 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defectum the images include but are not limited to the items checked: 

S3 BLACK BORDERS 

IMAGE CUT OFF AT TQP, BOTTOM OR SIDES 

□ FA1>ED TEXT OR DRAWING 
"BLURRED OR ILLEGIBLE TEXT OR DRAWING 

p3 SKEWED/SLANTED IMAGES 

CyKcOLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 
□/LINES OR MARKS ON ORIGINAL DOCUMENT 

O REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



